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Two types of automatic mapping on Mars 0
. j@uryey of specific, / Thematic (categorical) mapping ** =

landforms =
Impact craters”
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I\/Iapplng craters .

Machlne |dent|f|cat|on of craters from topoqraphv
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OverV|eW Towards global catalog of craters > 3 km.
. Focus on Southern hemisphere”

« Application to/distribution of ground water

Machine identification of sub-kilometer craters from images.

« Overview of previous research

&

« New algorlthmJ
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¥ AN example using HRSC image s
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_Algorithm for identification of craters from topographic data

: - Al /A ANALYTIC PART
D'eS lg n Cr | ter | a: Iz b FINDS CRATER CANDIDATES

WORKS SEPERATELY ON EACH

SPATIAL SCALE

. Robust, work's well on all

P (al: PRESELECTS CRATERS !
types of Martian surfaces.

o Fast',',p'ermitt'ing e v
generating a catalog of

craters over the entlre v
Martlan surface.

= ,f 1 1 MACHINE LEARNING PART
o Sca|e mdependent can ESTABLISHES TRAINING SET
be applled to other r a SEPARATES CRATERS FROM

NON CRATERS

topographic datasets.
« Simple, can be offered *
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FINDS CRATER CANDIDATES

SR SeAE Finding crater candidates

PRESELECTS CRATERS

PRELIMINARY CATALOG
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MACHINE LEARNING PART
ESTABLISHES TRAINING SET

SEPARATES CRATERS FROM
NON CRATERS

Y

4.

-

-

ts
"
i




ANALYTIC PART
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Site Location Area craters craters  craters craters craters
Name Left(E), Right(E) 10° km? AutoCrat Barlow matched AutoCrat Barlow
Top(N), Bottom(N) only only

Terra
Cimmeria 1

Terra
Cimmeria 2

Terra
Cimmeria 3

Terra
Cimmeria 4

114.0, 141.4
-7.58, -18.42

1174, 1454
-17.0, -28.4

1174, 1454
-26.6, -38.6

1174, 1454
-36.5, -47.5

1.0

734 466

748 520

662 457

300 348

336 398 130

387 361 133

313 349 144

209 91

[ Hesperia

Planum

Sinai
Planum

107.1, 118.5
=17.0, -29.6

261.5, 278.6
-10.3, -29.7

305 119

468 101

102

94

Amazonis
Planitia

Olympica
Fossae

195.0, 210.0
30.0, 15.0

240.0, 255.0
30.0, 15.0

153 66

296 67

47

56

total

3666




Terra Cimmeria
2990 craters

H 2 Pl Amazonis Planitia +
esperia Flanum + Olympica Fossae
Sinai Planum

479 craters
797 craters
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Testing our algorithm: Visuals!

1700 km
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Heavily cratered Noachian terrain
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Testing our algorithm: Visuals!
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Global cataloging of Martian craters

300 overlapping “equatorial” tiles
Additional polar tiles







topographic
map .30

d/D legend

. <0.02

- 1 0.02-0.04
1 0.04-0.06
" 0.06-0.08
M 0.08-0.10
M 0.10-0.12
M >0.12




Implications for spatlal distribution of ground ice
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Summary for mapping craters from topography

 Mapping code is in the public domain and can be
downloaded from http://cratermatic.sourceforge.net/. It has
been downloaded 116 times.

 The global catalog of Martian craters will be delivered to
USGS Planetary GIS Web Server (PIGWAD) by November
2008.

« Significant new planetary research will be done using this
catalog.

» Mapping code can be reused with other topogfaphic
dataset for Mars, Moon and Mercury.



Machlne Identification of sub-kilometer craters from images
25 km
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Testing an algorithm for cataloging sub-kilometer craters

< >
4 - 21 km - et

Training shapes:
68 true craters

58 non craters
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"Traihing site | [ - o Test site i
Quality Faf:tp’rsr"g D B Q
St Training site (all) 499% 0.06 48.5%
D= 100 TP/ (TP+FN) = Geicctiofpercentage | Training site (D > 200m) | 70.8%  0.09
B Bty branching factor | Tast site (all) 55%  0.18  50%
Q: 100 TP / (TP+FP+FN) quality percentage 67.8% 0.29 56.6%

Test site (D = 200m)




- Application: “millions craters” catalog project

)

i d / # d / #

* Mars Express High Resolution Stereo Camera (HRSC) image # 905, resolution 12:5 m/pixel, 35,495 identified craters

818 km 65448 pixels




Summary for mapping sub-kilometer craters from images

o Mapping code is still in development. Improvements in
accuracy are needed.

 The “million craters” project of cataloging Martian sub-
kilometer craters from HRSC images Is feasible.

e Such catalog will a great tool for addressing surface ages
and crater degradation processes.

« The method works on any planetary images. The size of
detected craters depends on the image resolution. About 20
pixels are needed.to detect a crater.



Martian Valley Networks

~ '+ Similar to terrestrial ri_vér systems.
 Thought to be carved by runoff or groundwater flow. .

e Can provide/a glimpse into the hydrfological conditions of early/
Mars
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Martlan Valley Networks

e

¢ 1\/Ianua||y created glob al databaée « Solution: Auj;omatlp mapping from
from Viking orbiter |mage-s (Carf 1995) topography = .
lncomplete 7 / * / Much faster - f .
Not c‘oreg;Stered Wlth modern spatlaf ¢ -Less accurate, many false pes,mves
datasets | e . HeaV|Iy segmented J,
Topographlc’ally mf:orrect ./ Usefll for.researchers manuarly

workingon smaller areas
e How to refine the database?

We need a new database

Problem: Manually drawing in valleys
for entire Mars is just plain ridiculous-




Bqulng a database

r

/Scan the 458,000 segments and identify which should be connected into
.networks e o e =

Use ArcGIS functlons to create Watersheds (dramage basms) for each
network and segment =

Take in all of the available mformatlon and read in or calculate values of
hydrological |m|50rtance for each network ;




Networks attributes

Machine learning

ID |

Are loops present?
o Qutlet (x,y)

e Source elevation

Valley

/' network

o Qutflow elevation
ldentified « # Segments
— e Order
network  Magnitude
» Length

>~ Notvalley

» Length-of main stream
network

« Area of drainage basin

» Sinuosity

* Slope

 Aspect

 Bounding box

Location by geological unit



Summary for mapping valley networks

- Mapping code has been developed and is in the public
domain.

e The code has been delivered to two researches to be used
for terrestrial applications.

* The code is offered as a Web Service within a framework of
GeoBrain. The purpose of this service is to provide everyone with
the capacity to extract valley networks (or river systems) using our
novel method. Our Web Service can be test driven at
http://65.123.203.154:8099/0nAS/.

 The database of valley fragments has been calculated.

o Machine learning algorithm needs to be applied to this
dataset to obtain a final global map of Martian valley"
networks:
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